Abstract: A simple and stable UWB-over-fiber system based on a tunable single-passband microwave photonic filter is proposed. Transmission of the UWB signals in 20-km fiber and wireless link results in power penalties around 1 dB.
Introduction
Ultra wideband (UWB) is considered as a promising technology to provide high data-rate and low-cost connectivity for future wireless local networks (WLANs) and wireless personal-area networks (WPANs). To increase the area of coverage and to offer the availability of undisrupted service across different networks, UWB over fiber (UWBoF) technology was proposed [1] . Consequently, direct generation of UWB signals in the optical domain is favorable due to its compatibility with the UWBoF technology [2] . On the other hand, microwave photonic filters have drawn considerable interests in recent years because of their wideband tunability and immunity to the electromagnetic interference. Compared with the traditional optical UWB generator, which requires either polarization-related architecture [3] , optical spectral shaping followed by frequency-to-time mapping [4] , or nonlinear device in a complicated configuration [5] , the optical UWB generator based on the microwave photonic filter requires only a single wavelength source and a single photodetector (PD) which reduces the cost and increases the flexibility of the entire system. In this letter, we propose and demonstrate a novel UWBoF system based on a tunable single passband microwave photonic filter, which consists of an electro-optical phase modulator (PM) and a tunable optical filter (TOF). Both the center frequency and the bandwidth of the filter can be adjusted by changing the parameters of the TOF [6] , so a Gaussian pulse can be shaped to a UWB pulse. An experiment is carried out. When an optical Gaussian pulse is injected to the microwave photonic filter, an optical UWB pulse is generated. By tuning the TOF, the polarity-inverted optical UWB pulses can also be generated. The UWB pulse train is on-off keying coded and transmitted through a single-mode fiber (SMF) and a wireless link. Electrical spectra, eye diagrams and bit-errorrate (BER) measurements show that the transmission performance of the UWBoF system is good. Figure 1 shows the experimental setup for the proposed UWBoF system. A lightwave from a tunable laser source (TLS, Agilent N7714A) is sent to a phase modulator, which is driven by a 1.25-Gb/s RZ signal generated by a pulse pattern generator (PPG, Anritsu MP1763C) with a fixed pattern "1000 0000" to represent a mark and "0000 0000" to represent a space. The phase-modulated optical signal is injected into a tunable optical filter (XTM-50) via an erbium-doped fiber amplifier (EDFA). By locating the optical carrier around the center wavelength of the TOF, a single passband microwave photonic filter is formed. The bandwidth of the microwave photonic filter is twice the frequency spacing between the optical carrier and the center frequency of the TOF, and the center frequency of the microwave photonic filter is the half of the bandwidth of the optical filter [6] . Figure 2 shows the measured frequency response of the microwave photonic filter. By simple changing the center frequency and the bandwidth of the TOF, the bandwidth and the center frequency of the microwave photonic filter is tuned. As a result, if the parameters of the TOF are properly set, the RZ signal can be shaped to an optical UWB signal. The optical UWB signal is transmitted through a 20-km SMF and then converted back into an electrical UWB signal at a PD. The electrical UWB signal is emitted to the free space through a UWB antenna and collected by another antenna at the UWB receiver. A local oscillator (LO) at 3.75 GHz followed by a 1.2-GHz low-pass filter (LPF) is employed to down-convert the data signal from a center frequency of 3.75 GHz to the baseband [2] , which is then sent to a biterror-rate tester (BERT, Anritsu MP1764C) for performance evaluation. The waveforms are observed by a highspeed sampling oscilloscope (Agilent 86100A) and the electrical spectra are measured by an electrical spectrum analyzer (ESA, Agilent E4447A).
Experimental setup

Response (dB)
Response (dB) Figure 3 shows the electrical spectra and the waveforms of the generated UWB pulses. When the optical carrier is located at the right part of the TOF, a UWB pulse with negative polarity is generated, as shown in Fig. 3 (a) and (b) . The FWHM of the pulse is about 91.6 ps, and the spectrum has a center frequency of 4.29 GHz and a 10-dB bandwidth of 7.33 GHz, indicating a fractional bandwidth of about 170.86%. Similarly, a UWB pulse with positive polarity is generated when the optical carrier is located at the left part of the TOF. As can be seen in Fig. 3 (c) and (d), the UWB pulse has an FWHM of about 94.5 ps, a center frequency of 4.24 GHz, and a 10-dB bandwidth of about 7.24 GHz. The fractional bandwidth is about 170.75%.
Results and discussions
Amplitude (mV) Fig. 3 . The electrical spectra and the waveforms of the generated UWB signals with (a) (b) negative and (c) (d) positive polarities.
To investigate the transmission performance of the proposed UWBoF system, the generated UWB signals are transmitted through 20-km SMF and a wireless link. Figure 4 shows the electrical spectra of the received UWB signals and the corresponding eye diagrams after the downconversion. Due to the fiber dispersion, the eye diagram has some degradation, but the quality is still acceptable. In addition, the continuous spectral components are not seriously affected by the fiber transmission, indicating that the power penalty resulted from the transmission is low. Figure 5 shows the BER curves for the transmission of the generated UWB signals. For the UWB pulse with negative polarity, the receiver sensitivity for the back-to-back case is -0.76 dBm while that after the 20-km SMF transmission is 0.21 dBm, giving a power penalty of 0.97 dB. In Fig. 5(b) , the receiver sensitivities of the UWB pulse with positive polarity for the back-to-back and the 20-km transmission cases are -1.21 dBm and -0.12 dBm, respectively. The power penalty is 1.09 dB. 
Conclusion
A novel UWB over fiber system based on a single-passband microwave photonic filter was proposed and experimentally demonstrated. The generated UWB signals were transmitted through a 20-km SMF. The power penalties were less than 1.09 dB. The proposed UWB over fiber system is simple, stable and polarizationindependent.
